Sifting Comparative Sequence:
Lipid Metabolism Genes and Regulation

Outline

Computational Tools and Databases
-VISTA
-Cardiovascular Gene Resource
-Examples
-Pipeline (Godzilla)

-Human/Mouse Genome Comparison

Identification of a Novel Gene (ApoAV)
-Functional Characterization

Background

-Majority of human genomic
sequence is available.

-63% Finished

-34% Draft

-Mouse/Rat genomic sequence [P
is also available.
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Raw Sequence----> Biological Function
Raw Sequence----> Biological Function outside of coding regions

In general, functionally important sequences are conserved.

Hypothesis: Conserved sequences are functionally important.




Categories of DNA

Coding ~5%
Non-coding ~95%

Coding Protein A Protein B

I Non-Coding CRNA mRNA
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Gene A Gene B
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VISTA is an integrated system for global sequence alignment
and visualization, designed for comparative genomic analysis.

http://[www-gsd.lbl.gov/vista




AVID - The Alignment Engine Behind VISTA
(Lior Pachter)

* Very fast global alignment of megabases of sequence.

* Provides details about ordered and oriented contigs, and
accurate placement in the finished sequence.

* Full integration with repeat masking.

Visualization
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Conserved NonCoding Sequences
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’4 Comparative Genomic Analysis of (ardiovascular Gene Regulation
f

This project is one of eleven Programs for Genomic
Applications (PGAs) funded by the National Heart,
Lung, and Blood Institute (NHLBI).

http://pga.lbl.gov

Goal:

Perform comparative sequence analysis for ~250 genes of
cardiovascular disease relevance.
-Examples

Functionally characterize a subset of conserved elements.
-Strategy

Multi-Species Comparative Analysis (VISTA)
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Three Species Sequence Comparison
(Humans, Mice and Rabbits)

Aiding in the refinement of potential regulatory sequences
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Three Species Sequence Comparison
(Humans, Mice and Rabbits)

Aiding in the refinement of potential regulatory sequences
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Power of Deep Sequence Alignments

Hepatic Site C CCAAT-Box

Mouse NNNNAECE
[Rabbit NNNN-|
[Human NNNNAE

3-way

Comparison ZERE
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[Human T

AGCCTCHel&
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[Human AGTCCC
Chicken CTCTCC!

[Mouse AGCINGTGGCA
[Rabbit AGCIRGTGACT,
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TATA-Box

[Mouse

4-way
Comparison

VISTA Plot of Human/Mouse Apo Gene Cluster on chr 19
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Characterizing Conserved Sequence Function

~200 Kb Human BAC
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Nuclear Hormone Receptor:LXR-Alpha

Human/
Mouse

Human/
Rabbit
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http://www-gsd.lbl.gov/vista

mVISTA: main VISTA
-standard comparative sequence plots

rVISTA: regulatory VISTA

-conserved transcription factor binding sites

Jan 2002: 710 users
320 copies have been distributed




Ivan Ovcharenko
Lior Pachter
Inna Dubchak

rercen http://pipeline.lbl.gov/

M| Mask repetitive elements RepeatMasker

il Current Mouse Contigs and Supercontigs
I

Localize homologous sequence in the
[ Human Genome (BLAT w/postprocessing)
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Chiormosome [4 From[3363234  ,10[3534641
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3 (5787) 101 (5886)
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(8838) 1688 (s003)
(9907) 2671 (10011)
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101bp 70.3% noncoding
165bp 68.5% noncoding
166bp 67.5%

110kp 70.0%

110bp 70. noneoding
398hp 71, noncoding
101kp 70.3% noncoding
106kp .85  nmoncoding
2350p . noncoding
1d1kp . noncoding
1070 . nonsoding
163bp . exon
170kp . noncoding
580D .65 moncoding
150bp . exon
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143kp .z%  nmoncoding
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Location: chr11.1-154564754

« QO
Chromosome [11 . From [1 L t0[154564754 @
Search for RefSeqgene [Gene Name

Hote:Data fetching from central databases could take up to serveral minutes. Until that picture will not appear
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Picture legend
Please cantact Ivan Ovcharenko with any comments or suggestians

GENOME PIPELINE

KPIPELINE FOR REAL-TTME COMPARATIVE ANALYSIS OF THE HUMAN'AND MOUSE GENOMES

type a GenBank locus, accession ox GInumber:

e Cob N [E5E ¢] [acos1119

(et ]ty

MyGodzilla
Input
-Custom sequence (fasta)
-GenBank accession number

http://pipeline.lbl.gov

Y GENOME PIPELINE
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Human Chromosome 11q23 Apolipoprotein Gene Cluster

Apo AIV Apo CIII Apo Al
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Northern Blot Analysis of Conserved Sequence

Heart
Brain
Placenta
Lung
Liver
Muscle
Kidney
Pancreas

Liver transcripts detected

in both human and mouse.

Human Mouse
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Predicted protein has homology to ApoAIV
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ApoAYV associates with HDL and VLDL

Western Blot of Human Plasma FPLC Separation of Mouse Plasma

LDL HDL VLDL
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Generation of human ApoAV transgenic mice

ZNF259 Apo AV Apo AIV ApoCIII  Apo Al
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mili I

0kb 25kb
26 kb fragment

Liver expression of human ApoAYV transgene

intestin
intestine

uman apo AV, ‘
26 kb fragment@ o




ApoAV transgenics have decreased plasma triglycerides

Controls (n=19)

Average (SD)

Transgenics 0.309(0.084) p<0.001
Controls 0.902(0.272)

Generation of ApoAV knockout mice

ZNF259 Apo AV Apo AIV ApoCIII  Apo Al

< < - = <
Ml NN A

-35kb Replacement 0kb 25kb

i Wil

Wt Het KO
+/+ +/- -/-

Homozygous deletion mice lack
apoAV transcript (liver).




ApoAV Transgenic and Knockout Plasma Levels

* ApoAYV transgenics have
decreased triglycerides.

Relative

0
controls

500% *ApoAV KO'’s have increased
triglycerides.

400%
300% Triglycerides Cholesterol
200%

100%
30%

trans wt het KO trans wt het KO
++ +/- /- ++ +/- -/-

Mechanisms for Altered Plasma Triglycerides

¢ Production ¢ Clearance
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Summary I: ApoAV

e A new apolipoprotein belonging to the ApoAI/CIII/AIV
gene cluster.

» Expressed in the liver & associates with HDL/VLDL.

* An important modulator of triglycerides (TG) in mice.

Is ApoAV involved in human biology/disease?

Association study I: ApoAV polymorphisms and plasma parameters
ApoAV

i I| | (apoAI/CIII/AIV cluster)
ﬁ...........

Berkeley Population

500 normal individuals phenotyped for plasma:
-Triglycerides
-IDL, LDL, HDL, VLDL Mass
-HDL, LDL Cholesterol
-ApoAl, ApoB
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Association study I: ApoAV polymorphisms and plasma parameters
ApoAV

« (apoAI/CIII/ALV cluster)
TTTTTTTTTTTTTTTT RRRNRRENE

Haplotype 1 (80%)

Haplotype 3 (7%)

Association study I: ApoAV polymorphisms and plasma parameters
ApoAV

« (apoAI/CIII/ALV cluster)
TTTTTTTTTTTTTTTT RRRNRRENE

Haplotype 1 (80%)

Haplotype 3 (7%)
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Association study I: ApoAV polymorphisms and plasma parameters
ApoAV

(apoAI/CIII/AIV cluster)
%ﬁ...........
* Are there differences

in plasma parameters
Haplotype 1 (80%) when individuals are

separated based on
ApoAV genotypes?
Haplotype 3 (7%)

Genotyped 500 normal individuals phenotyped for plasma:
-Triglycerides

-IDL, LDL, HDL, VLDL Mass

-HDL, LDL Cholesterol

-ApoAl, ApoB

Association study I: ApoAV polymorphisms and plasma parameters
ApoAV

i I| | (apoAI/CIII/AIV cluster)
ﬁ...........

* TRIGLYCERIDES Are there differences

in plasma parameters

when individuals are

separated based on
<0.001 ApoAV genotypes?

Haplotype 1 (80%)

Haplotype 3 (7%)

Genotyped 500 normal individuals phenotyped for plasma:
-IDL, LDL, HDL, VLDL Mass

-HDL, LDL Cholesterol

-ApoAl, ApoB
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Association study I: ApoAV polymorphisms and plasma parameters
ApoAV

i I| | (apoAI/CIII/ALV cluster)
ﬁ...........

* TRIGLYCERIDES Are there differences

in plasma parameters

when individuals are

separated based on
<0.001 ApoAV genotypes?

Haplotype 1 (80%)

Haplotype 3 (7%)

Genotyped 500 normal individuals phenotyped for plasma:

-IDL, LDL, HDL, VLDL Mass
-HDL, LDL Cholesterol
-ApoAl, ApoB

What is the amount
of this difference in
triglyceride levels?

Association between ApoAV and Triglyceride Levels

TG
Levels
(mg/dl)

Haplotype:
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Summary II

* Two independent minor haplotypes in human ApoAV

are associated with increased plasma triglycerides.

— The minor haploype frequencies are ~10% in Caucasians.

— Individuals with one copy of either of these minor

haplotypes have ~30% more plasma triglycerides.

e Compound heterozygotes have ~90% more triglycerides.
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Association study II: ApoAV polymorphisms and plasma parameters

ApoAV

i I| I (apoAI/CIII/AIV cluster)
ﬁ...........

* Is there a difference in
ApoAYV genotypes
Haplotype 1 (80%) in the high- versus
low- triglyceride groups?

Haplotype 3 (7%)

Genotyped 460 individuals stratified based on triglyceride levels.

High Triglycerides: Avg 340 mg/dl
Low Triglycerides: Avg 50 mg/dl

Association study II: ApoAV polymorphisms and plasma parameters

Low
Triglycerides

High
Triglycerides

56%

7

2
Haplotype: 1/1 1/2 1/3 1/1 1/2 1/3
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ApoA5 and Triglyceride Levels

An example of common human variation
contributing to a quantitative phenotype

Carriers of Minor

Ethnicity: Haplotype 2 and/or 3:

Caucasian 24%
African American 36%
Hispanic 51%

f Triglycerides fHeart Disease

CHD relative risk

:

150 250
(Triglycerides: mg/dL)
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